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Abstract
Freshwater fishes are the usual hosts of glochidia (the parasitic larval stage) of freshwater
mussels (Bivalvia: Unionoidea). Westralunio carteri Iredale 1934 (Carter’s mussel), the only unionoid
species found in the Southwest Coast Drainage Division of Australia, is endemic to the region and
is currently listed as Vulnerable on the IUCN Red List, yet nothing is known of its host species.
Small, white, bladder-like cysts were observed macroscopically on Tandanus bostocki Whitley, 1944
(freshwater cobbler) captured from the Blackwood River, Western Australia. Light microscopy of
sectioned cysts revealed that they contained glochidia and these were of similar size and shape to
glochidia obtained from gravid females of W. carteri. Glochidia were found on 40.7% of 461 T.
bostocki examined, with a mean intensity of 10.6 cysts per infested fish. Prevalence of infestation
was greater on juvenile than on adult fish. The findings represent an important step in developing
conservation measures for W. carteri in this region.
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Introduction
Freshwater mussels, of the order Unionoida, are an
ancient group of bivalves found in freshwaters on all
continents apart from Antarctica (Bauer & Wächtler
2001). Mussels play important roles in the functioning of
freshwater ecosystems, through their biological activities,
such as filter feeding, nutrient cycling and biodeposition,
and by providing structural habitat and microrefugia to
other benthic organisms (Strayer et al. 1999; Spooner &
Vaughn 2008). Globally, freshwater mussels are highly
imperilled, with biotic surveys in many countries
demonstrating a general decline in both species richness
and overall abundance (Williams et al. 1993; Vaughn &
Taylor 1999; Strayer et al. 2004; Lydeard et al. 2008).
Unionoids are dioecious and reproduce sexually;
males release sperm into the water column, which
females suck in through their inhalant siphons and
fertilise eggs that have migrated from the ovaries into
specialised pouches in the gills known as marsupia,
where the embryos develop into larval glochidia (Bauer
& Wächtler 2001; Strayer 2008). Glochidia are released
from marsupia, in response to disturbance or other
stimuli, and if they contact a suitable host, generally a
fish, may attach to the body surfaces, fins, mouth or gills
(Bauer & Wächtler 2001; Strayer 2008). Following
attachment, glochidia are encased in host epithelial tissue
and within the epithelial cyst they undergo
metamorphosis to emerge as juvenile mussels (Bauer &
Wächtler 2001; Strayer 2008). To facilitate the attachment
to fish, glochidia have specialised structures (known as
larval teeth) on the ventral margins of their shells. Teeth
vary in morphology, but are generally hooked (Bauer &
Wächtler 2001) and can often be used to identify
glochidia taxonomically (Jones et al. 1986; Jupiter & Byrne
1997).
Eighteen species of unionoid mussels are known from
Australia, all from the family Hyriidae (Walker et al.
2001; Graf & Cummings 2010). Westralunio carteri Iredale,
1934, the sole member of the genus Westralunio in
Australia, is endemic to the South West Coast Drainage
Division, where it is the only freshwater mussel found in
the region (Walker et al. 2001; Graf & Cummings 2010).
The species is currently listed as Vulnerable on the IUCN
Red List of Threatened Species (IUCN 1999) and as a
Priority 4 fauna (rare or near threatened or in need of
monitoring) by the Western Australian Department of
Environment and Conservation, under the Wildlife
Conservation Act, 1966 (DEC 2010). Detailed
understanding of the conservation status of W. carteri,
and the development of conservation plans, are
hampered by an almost complete lack of published
information on the life history of the species, including
longevity, reproductive cycle, habitat requirements and
importantly, host fishes. Furthermore, of four other
species of Hyriidae found in north-western and north-
eastern WA, only one host fish species has been
identified for glochidia of Velesunio angasi (Sowerby,
1867) (Klunzinger et al. 2010). Knowledge of host fish
species, in particular, may be a crucial component of
conservation planning for freshwater mussels because
fishes are an obligatory part of the mussel life cycle
(Haag & Warren 1998; Martel & Lauzon-Guay 2005).20
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Here we report, for the first time, the discovery of a host
fish species, freshwater cobbler Tandanus bostocki Whitley,
1944 for the glochidia of W. carteri.
Methods
Freshwater cobbler were captured using two-winged
fyke nets in four main channel sites and two tributaries
in the Blackwood River (between 34.0421°S, 115.6025°E
and 34.1081°S, 115.4505°E), in November 2008 as part of
the study by Beatty et al. (2010). All fish were sexed,
where possible, and measured for total length (TL), to
the nearest 1 mm. Whitish, bladder-like cysts on the
surface of the fish were provisionally identified as
containing glochidia, and prevalence (percentage of fish
infested) and intensity (number of cysts per infested fish)
recorded from field examinations. Ninety five percent
confidence intervals were calculated for prevalences,
assuming a binomial distribution, and intensities, from
2000 bootstrap replications, using the software
Quantitative Parasitology 3.0 according to methods
described by Rozsa et al. (2000). The effect of maturity
status and sex on prevalence was tested using Fisher
exact tests test and the effect of TL on prevalence by
comparing the TL of infested and uninfested fish using
analysis of variance (ANOVA). The effect of maturity
status and sex on intensity was tested by comparing the
intensity of infestation between juvenile and adult, or
male and female fish, using ANOVA. The effect of TL on
intensity was tested by regression analysis.
A sub-sample of fish (n = 3) was killed in an ice slurry
bath and transported to the laboratory. Cysts were
examined under a dissecting microscope to determine
whether they contained glochidia. Several cysts were
preserved in 10% formalin in preparation for histology
and scanning electron microscopy (SEM). For histology,
dissected cysts were dehydrated in graded ethanols,
embedded in paraffin, serially sectioned (6 ?m thick) and
stained with haematoxylin and eosin. For SEM, dissected
cysts were dehydrated in graded ethanols, placed on a
glass cover slip attached to a specimen stub, critical point
dried, sputter-coated with gold, and examined and
photographed in a Philips XL 20 SEM. For comparison,
adult  W. carteri (n = 2) were hand collected from the
Canning River (32.1129°S, 116.0170°E), near Perth, killed
in 0.01% benzocaine solution and dissected. Glochidia
were transferred from gill marsupia with a probe and
either examined under a compound microscope or using
methods for SEM as described above.
Results and Discussion
Cysts were found on the fins, body surface and gills of
T. bostocki (Fig. 1). Histological examination confirmed
the presence of glochidia in fish cysts (Fig. 2). These were
of similar size and shape to the unattached glochidia
removed from specimens of W. carteri (Figs 3 & 4),
although using morphology to identify encysted
glochidia to species is difficult because the larval teeth
are usually not visible. In unattached glochidia, these
teeth appeared as two separate interlocking hooks on the
ventral edges of glochidial valves (Fig. 3); somewhat
similar to those described for another Australian
unionoid,  Hyridella depressa (Jupiter & Byrne 1997).
Glochidial teeth function as a mechanism for attachment
to host fish, and Pekkarinen & Englund (1995) found that
glochidia with well-developed teeth are often attached to
fins and skin, rather than gills of fish. We assume that
the encysted glochidia found on T. bostocki are W. carteri
because this is the only unionoid species that has been
described from the south-west of Western Australia
(Walker et al. 2001; Graf & Cummings 2010).
Of 461 T. bostocki examined (107 males, 268 females
and 86 unsexed, presumably juveniles) from the
Blackwood River in November 2008, glochidial cysts
were found on 40.7% (95% CI = 36.3 – 45.2). Of the 107
male T. bostocki examined, glochidia were found on 34.6%
(95% CI = 32.2 – 44.2). Of the 268 female T. bostocki
examined, glochidia were found on 38.1% (95% CI = 25.6
– 44.4). There was no significant difference in prevalence
between male and female fish (Fisher exact test, d. f. = 1,
P = 0.56). Of the 86 juvenile T. bostocki examined,
Figure 1. (a) Glochidia cysts, appearing as white, raised areas on the caudal fin of a female Tandanus bostocki. (b) Individual cyst on the
left dorsal side of the dorso-caudal fin of T. bostocki.21
Figure 3. Light microscope image of glochidium of Westralunio
carteri; anterior-ventral view, valves open, larval teeth arrowed.
Figure 2. Section of a cyst (Cs), showing glochidium (G) with shell periostracum (Po), covered by fish epithelium (E), from the
posterior end of the dorso-caudal fin of Tandanus bostocki.
Figure 4. Scanning electron microscope (SEM) image of
glochidia of Westralunio carteri. (a) Ventral view, valves open
(A) and right valve view, valves closed (B). (b) Larval tooth of
left valve, magnified image of (A). (c) Larval tooth of right
valve, magnified image of (A).
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glochidia were found on 57.0% (95% CI = 45.9 – 67.3),
which was significantly greater than on adult fish (Fisher
exact test, d. f. = 1, P = 0.001). Considering adult and
juvenile fish separately, there were no significant
differences in TL between infested and uninfested fish
(for adults, F = 0.02, d. f. = 374, P = 0.89; for juvenile, F =
3.29, d. f. = 85, P = 0.07). Of infested fish, the intensity of
infestation varied from 1 – 120, with a mean of 10.6 (95%
CI = 9.0 – 12.5). There were no significant differences in
intensity between male and female fish (F = 0.01, d. f. =
374, P = 0.97) or between adults and juveniles (F = 2.41, d.
f. = 460, P = 0.12), nor were there any significant
relationships between TL and intensity for adult or for
juvenile fish (for adults, r2 = 0.001, F = 0.37, d. f. = 374, P =
0.54; for juveniles, r2 = 0.01, F = 0.69, d. f. = 85, P = 0.41).
Studies on other unionoid species have usually found
greater prevalences of infestation on juvenile fish than on
adult fish, presumably because of the development of
immunological resistance in older fish (e.g. Bauer 1987;
Hastie & Young 2001). The difference in prevalence of W.
carteri  glochidia between adult and juvenile T. bostocki
suggests that immunological responses could also be
important in this host/parasite system, although further
research is required to determine the survival rates of
glochidia on fish of different age classes. Variation in
glochidia prevalence and intensity may also arise from
habitat structure (giving rise to variations in the
probability of contact between glochidia and potential
hosts), fish abundance, seasonality of glochidia release,
differences in mussel density and water depth (Strayer
2008).
Globally, most freshwater mussel species that have
been examined, and particularly those with hooked
glochidia, have been found to be host generalists, with a
number of host fish species involved in the life-cycle
(Haag & Warren 1998; Wächtler et al. 2001; Martel &
Lauzon-Guay 2005; Bla•ek & Gelnar 2006). Although
there have only been a few studies of host fish species for
Australian unionoids, these have also identified multiple
host species (Hiscock 1951; Atkins 1979; Walker 1981;
Humphrey 1984; Widarto 1993; DPIPWE 2009;
Klunzinger  et al. 2010). It seems likely, therefore, that
fishes other than T. bostocki may be infested with
glochidia of W. carteri in the south-west of Western
Australia, although they were not detected in a recent
survey of the parasites of native and exotic fishes in the
region (Lymbery et al. 2010). Furthermore, there are river
systems within the region that contain W. carteri but do
not contain T. bostocki (Morgan et al. 1998; Klunzinger
unpublished data). Understanding the range of host fish
species used by W. carteri in different systems, and their
relative importance in maintaining the life-cycle of the
species, is vital for conservation planning, because of the
restricted distribution and threatened nature of many of
the native fish species of the south-west of Western
Australia (Morgan et al. 1998; Morgan & Gill 2000;
Morgan 2003; Beatty & Morgan 2010).
Acknowledgements:  This work was funded by Murdoch University,
Department of Water, Government of Western Australia. We especially
thank Fiona McAleer and Andrew Rowland for help in the field. The
study was compliant with permits provided by the Murdoch University
Animal Ethics Committee, the Department of Environment and
Conservation and the Department of Fisheries, Government of Western
Australia.
References
Atkins L 1979 Observations on the glochidial stage of the
freshwater mussel Hyridella ( Hyridella)  drapeta (Iredale)
(Mollusca : Pelecypoda). Australian Journal of Marine &
Freshwater Research 30: 411–416.
Bauer G 1987 The parasitic stage of the freshwater pearl mussel
(Margaritifera margaritifera L.) II. Susceptibility of brown
trout. Archiv für Hydrobiologie Supplementband 76: 403–
412.
Bauer G & Wächtler K 2001 Ecology and Evolution of the
Freshwater Mussels Unionoida. Springer-Verlag, New York.
Beatty S J, Morgan D L, McAleer F J & Ramsay A R 2010
Groundwater contribution to baseflow maintains habitat
connectivity for Tandanus bostocki (Teleosteii: Plotosidae) in a
south-western Australian river. Ecology of Freshwater Fish
19: 595–608.
Beatty S J & Morgan D L 2010 Teleosts, agnathans and
macroinvertebrates as bioindicators of ecological health in a
south-western Australian river. Journal of the Royal Society
of Western Australia 93: 65–79.
Bla•ek R & Gelnar M 2006 Temporal and spatial distribution of
glochidial larval stages of European unionid mussels
(Mollusca: Unionidae) on host fishes. Folia Parasitologica 53:
98–106.
DEC 2010 Current Threatened and Priority Fauna Rankings
(Department of Environment and Conservation, Government
of Western Australia). Available at:
http://www.dec.wa.gov.au/management-and-protection/
threatened-species/listing-of-species-and-ecological-
communities.html [Accessed 2 February 2010].
DPIPWE 2009 Status of fish communities and observations on
South Esk freshwater mussel (Velesunio moretonicus)
populations in the Macquarie River catchment upstream of
Lake River. Depart. of Primary Industries, Parks, Water &
Environment, Hobart, Tasmania.
Graf D & Cummings K S 2010 The Mussel Project (Online).
Available at:
http://www.mussel-project.net [Accessed 8 April 2010].
Haag W R & Warren M L 1998 Role of ecological factors and
reproductive strategies in structuring freshwater mussel
communities. Canadian Journal of Fisheries & Aquatic
Sciences 55: 297–306.
Hastie L C & Young M R 2001 Freshwater pearl mussel
(Margaritifera margaritifera) glochidiosis in wild and farmed
salmonid stocks in Scotland. Hydrobiologia 445: 109–119.
Hiscock I D 1951 A note on the life history of the Australian
freshwater mussel, Hyridella australis Lam. Transactions of
the Royal Society of South Australia 74: 146–148.
Humphrey C L 1984 Biology and ecology of the freshwater
mussel  Velesunio angasi (Bivalvia: Hyriidae) in the Magela
Creek, Alligator Rivers region, Northern Territory. PhD
Thesis, University of New England.
IUCN 1999 Mollusc Specialist Group. Westralunio carteri. In:
IUCN 2009. IUCN Red List of Threatened Species. (Version
2009.2). Available at:
http://www.iucnredlist.org [Accessed 19 December 2009].
Jones H A, Simpson R D & Humphrey CL 1986 The
reproductive cycles and glochidia of fresh-water mussels
(Bivalvia: Hyriidae) of the Macleay River, Northern New
South Wales, Australia. Malacologia 27: 185–202.
Jupiter S D & Byrne M 1997 Light and scanning electron
microscopy of the embryos and glochidia larvae of the
Australian freshwater bivalve Hyridella depressa (Hyriidae).
Invertebrate Reproduction & Development 32: 177–186.
Klunzinger M W, Morgan D L, Lymbery A J, Ebner B C, Beatty S
J & Thomson G L 2010 Discovery of a host fish for glochidia of
Velesunio angasi (Sowerby, 1867) (Bivalvia: Unionoida:
Hyriidae) from the Fortescue River, Pilbara, Western
Australia. Australian Journal of Zoology 58: 263–266.23
Lydeard C, Cowie R H, Ponder W F, Boghan A E, Bouchet P,
Clark S A, Cummings K S, Frest T J, Gargominy O, Herbert
D G, Hershler R, Perez K E, Roth B, Seddon M, Strong E E &
Thompson F G 2008 The global decline of nonmarine
mollusks. BioScience 54: 321–330.
Lymbery A J, Hassan M, Morgan D L, Beatty S J & Doupé R G
2010 Parasites of native and exotic freshwater fishes in south
western Australia. Journal of Fish Biology 76: 1770–1785.
Martel A L & Lauzon-Guay J S 2005 Distribution and density of
glochidia of the freshwater mussel Anodonta kennerlyi on fish
hosts in lakes of the temperate rain forest of Vancouver
Island. Canadian Journal of Zoology 83: 419–431.
Morgan D L 2003 Distribution and biology of Galaxias truttaceus
(Galaxiidae) in south-western Australia, including first
evidence of parasitism of fishes in Western Australia by
Ligula intestinalis (Cestoda). Environmental Biology of Fishes
66: 155–167.
Morgan D L, Gill H S & Potter I C 1998 Distribution,
identification and biology of freshwater fishes in south-
western Australia. Records of the Western Australian
Museum Supplement No. 56: 1–97.
Morgan D L & Gill H S 2000 Fish associations within the
different inland habitats of lower south-western Australia.
Records of the Western Australian Museum 20: 31–37.
Pekkarinen M & Englund P M 1995 Description of unionacean
glochidea in Finland, with a table aiding in their
identification. Archiv f?r Hydrobiologie 134: 515–531.
Rozsa L, Reiczigel J & Majoros G 2000 Quantifying parasites in
samples of hosts. Journal of Parasitology 86: 228–232.
Spooner D & Vaughn C 2008 A trait-based approach to species’
roles in stream ecosystems: climate change, community
structure, and material cycling. Oecologia 158: 307–317.
Strayer D L 2008 Freshwater Mussel Ecology: A Multifactor
Approach to Distribution and Abundance. University of
California Press, Berkley.
Strayer D L, Caraco N F, Cole J J, Findlay S & Pace M L 1999
Transformation of freshwater ecosystems by bivalves: A case
study of zebra mussels in the Hudson River. Bioscience 49:
19–27.
Strayer D L, Downing J A, Haag W R, King T L, Layzer J B,
Newton T J & Nichols S J 2004 Changing perspectives on
pearly mussels, North America’s most imperilled animals.
BioScience 54: 429–439.
Vaughn C C & Taylor C M 1999 Impoundments and the decline
of freshwater mussels: a case study of an extinction gradient.
Conservation Biology 13: 912–920.
Wächtler K, Dreher-Mansur M C & Richter T 2001 Larval types
and early postlarval biology in naiads (Unionoida). In:
Ecology and Evolution of the Freshwater Mussels Unionoida
(eds G Bauer and K Wächtler). Springer-Verlag, Berlin, 93–
125.
Walker K F 1981 Ecology of freshwater mussels in the River
Murray. Australian Water Resources Council, Canberra.
Walker K F, Byrne M, Hickey C W & Roper D S 2001 Freshwater
mussels (Hyriidae) of Australia. In: Ecology and Evolution of
the Freshwater Mussels Unionoida. (eds G Bauer & K
Wächtler). Springer-Verlag, Berlin, 5–31.
Widarto T H 1993 Aspects of the biology of Velesunio ambiguus
Philippi from a tropical freshwater environment, Ross River,
Townsville, Australia. MSc Thesis, James Cook University.
Williams J C, Warren Melvin L J, Cummings K S, Harris J L &
Neves R J 1993 Conservation status of the freshwater mussels
of the United States and Canada. Fisheries 18: 6–22.
Klunzinger et al.: Host fish species for glochidia of Westralunio carteri24
Journal of the Royal Society of Western Australia, 94(1), March 2011